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The Role of
Interleukin-6 in Cases
of Cardiac Myxoma

Clinical Features, Immunologic Abnormalities,
and a Possible Role in Recurrence

We performed this prospective study to evaluate the correlation of interleukin-6 serum
levels with preoperative constitutional symptoms and immunologic abnormalities, and
the possible role played by this cytokine in tumor recurrence.

Eight patients with atrial myxoma were evaluated at our institution from July 1993
to November 1998. We measured their interleukin-6 serum levels by enzyme-linked
immunosorbent assay method preoperatively and 1 and 6 months after surgery. Two
of the cases involved recurrent tumor; 1 patient had undergone his 1st surgery at a
different institution and died during the 2nd procedure, so his data were incomplete.

Preoperatively, the whole group of patients had elevated interleukin-6 serum levels.
Although patients with a 1st occurrence of tumor demonstrated a positive correlation
between interleukin-6 serum level and tumor size, the 2 patients with recurrent tu-
mors appeared to have higher interleukin-6 levels regardless of tumor size. Once the
tumor was surgically removed, interleukin-6 levels returned to normal values, and this
was associated with regression of clinical manifestations and immunologic features.

According to our study, the overproduction of interleukin-6 by cardiac myxomas is
responsible for the constitutional symptoms and immunologic abnormalities observed
in patients with such tumors and might also play a role as a marker of recurrence. This
study also suggests that recurrent cardiac myxomas form a subgroup of cardiac myx-
omas with a highly intrinsic aggressiveness, as implied by their greater interleukin-6
production despite their smaller size. Further studies are needed to confirm these re-
sults. (Tex Heart Inst J 2001,28:3-7)

ardiac myxomas are the most common primary tumor of the heart. In a

study of the surgical incidence of atrial myxoma during a 15-year period,'

the incidence in the Republic of Ireland was 0.5 atrial myxomas per mil-
lion admissions to the National Cardiac Surgery Unit per annum. Although the
neoplastic nature of cardiac myxomas was previously questioned” and the histogen-
esis of these tumors is still not completely clear, most studies support the position
that cardiac myxomas are true neoplasms arising from primitive multipotential
mesenchymal cells** Since the initial report of Hirano and colleagues,” many other
studies have confirmed that cardiac myxomas produce interleukin-6 (IL-6) consti-
tutively, which is a possible explanation for the inflammatory and immune fea-
tures observed in patients with this tumor®" Interleukin-6 is a multifactorial
cytokine that produces differentiation and proliferation of normal and malignant
cells,”® induction of the acute-phase response,'” and fever. It also mediates the in-
duction of intercellular adhesion molecule 1 (ICAM-1)."® The aim of the present
study was to correlate IL-6 serum levels with preoperative constitutional symp-
toms, immunologic abnormalities, and postoperative tumor recurrence.

Patients and Methods

Between July 1993 and November 1998, 8 consecutive patients with nonfamilial
myxoma were evaluated and surgically treated at our institution. Six patients were
female and 2 were male; the ages ranged from 15 to 64 years (mean, 36 yr). Two
patients, 1 male and 1 female, had undergone previous surgery for cardiac myxoma
and now presented with recurrent tumors. One of these patients (the male) has
been excluded from much of the following report, because he died intraoperatively
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and his results are incomplete. See Table I for clinical
features of the 7 survivors.

All patients were extensively interviewed and ex
amined. Two-dimensional transthoracic and trans-
esophageal echocardiography were used to determine
the location and size of the tumor, the site of pedicle
attachment, and the presence of tumor prolapse. Sur-
gical excision of the tumor was performed as soon as
possible after diagnosis. The surgical approach was
biatrial and the tumor was excised together with a
cuff of endocardium around its point of attachment.
A pathologist confirmed each diagnosis.

Laboratory Tests
In addition to the routine clinical tests, we performed
in each patient the following laboratory studies before
surgery, and again at 1 and 6 postoperative months:
IL-6 serum levels, erythrocyte sedimentation rate, C-
reactive protein levels, serum protein electrophoresis,
quantification of serum immunoglobulins (IgG, IgA,
and IgM), and tests for the detection of serum rheu-
matoid factor and antinuclear antibodies.
Immunologic Abnormality. Patients were classified
as having an immunologic abnormality if they exhib-
ited at least 2 of the following findings: erythrocyte
sedimentation rate >25 mm/hr, C-reactive protein
>0.8 mg/dL, a gamma globulin serum level >20%,
the presence of an abnormal immunoglobulin level, a
positive rheumatoid factor (>20 IU), and the pres-
ence of antinuclear antibodies.

IL-6 Measurements. A 10-mL sample of blood was
obtained by venipuncture from all patients pre- and
postoperatively. Each sample was collected into tubes
containing ethylenediaminetetracetic acid and was
centrifuged immediately at 4 °C. Plasma was stored at
—80 °C until an assay of IL-6 was achieved. The plas-
ma concentration of IL-6 was determined by an en-
zyme-linked immunosorbent assay method (ELISA)
(R&D Systems; Minneapolis, Minn), using mouse
antihuman IL-6 monoclonal antibody. As controls for
the ELISA method, we used IL-6 measurements from
the serum of 5 healthy donors.

Follow-Up

Follow-up of all 7 survivors was performed during
the first 6 postoperative months by means of clinical
examination and 2-dimensional echocardiographic
studies. At 1 and 6 postoperative months, as men-
tioned above, we also repeated the preoperative lab-
oratory tests and compared early and late results.
Additional follow-up was performed on patient 3 at
6-month intervals, until she presented with recur-
rence of the tumor.

Results

Clinical Features and Immunologic Abnormalities.
The preoperative clinical features, immunologic ab-
normalities, and IL-6 serum levels of the 7 surviving
patients with primary cardiac myxomas are summa-

TABLE I. Preoperative Clinical Features, Immunologic Abnormalities, and Interleukin-6 Serum Levels in 7 Surviving

Patients with Primary Cardiac Myxoma

Surviving Patients

1 2 3* 4 5 6 7
Clinical features
Age (years), sex 42F 27F 15F 29F 38M 45F 64F
Constitutional symptoms + + + - - - +
Obstruction of blood flow - + + - + + +
Asymptomatic - - - + - - -
Hemoglobin (g/dL) 10.5 1.0 121 1.9 13.8 1.9 12.0
Immunologic markers
ESR (mm/hr) 64 59 67 23 27 20 34
C-reactive protein (mg/dL) 12.7 85 75 09 1.1 1.0 4.4
Gamma globulin (%) 22 24 22.6 20.5 19.6 19.9 20
Rheumatoid factor + + + - - - -
Antinuclear antibodies - + - - - - -
Other data
Interleukin-6 (pg/mL) 40 46.2 39 5.6 6.1 53 9.3
Site of tumor LA LA RA LA LA MV LA
Size of tumor (mm) 81x78x65  100x95x90 B63x62x60  28x27x25 34x32x3 28x28x16 55x52x50
Tumor size index (cm3) 410 8bb 234 19 33 13 143

ESR = erythrocyte sedimentation rate; F = female; LA = left atrium; M = male; MV = mitral valve; RA = right atrium

*This patient presented with recurrence.
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rized in Table I. Constitutional symptoms present in
4 of these patients included fever, malaise, weight
loss, myalgias, and arthralgias. Five patients had
symptoms associated with obstruction of the intra-
cardiac blood flow, and 1 patient was asymptomatic
at the time of the diagnosis. Five patients showed
immunologic abnormalities, 3 of them with clinical
manifestations. Myxomas were present in the left
atrium in 6 patients and in the right atrium in 1 pa-
tient. Tumor size ranged from 28 x 28 x 16 mm to
100 x 95 x 90 mm. Macroscopically, the lesion was
pedunculated and papillary in 5 patients, and it was
sessile, smooth, and polypoid in 2 patients. Light mi-
croscopic examination showed the typical features of
cardiac myxomas in the whole group of patients.

IL-6 Serum Levels. Compared with the mean IL-6
serum level of 5 healthy controls (3.6 pg/mL), the
whole group of surviving patients (n=7) had elevated
IL-6 serum levels (Table I) at the time of their initial
diagnosis (mean, 21.6 pg/mL; range, 5.3 to 46.2
pg/mL). Six of these 7 patients with increased levels
of IL-6 had immunologic abnormalities; 4 had a
wide range of constitutional symptoms. Importantly,
there was a significant correlation between patients’
IL-6 serum levels and the presence and intensity of
constitutional symptoms: patients with higher IL-6
levels experienced more intense and diverse systemic
manifestations. In this study, the threshold of IL-6
serum level for the development of asymptomatic im-
munologic abnormalities seemed to be 5.6 pg/mL,
while the threshold for the appearance of constitu-
tional symptoms seemed to be 9.3 pg/mL. Table II
shows the progressive lowering of IL-6 serum levels
during the first 6 months after surgical excision of
the myxomas. This reduction was accompanied by a
marked regression of immunologic and clinical fea-
tures by the 1st postoperative month and by the com-
plete resolution of the preoperative abnormalities by
the 6th month after surgery.

IL-6 Serum Levels in Relation to Tumor Size. Using
the tumor-size index described by Soeparwata and as-
sociates, we found a positive correlation of this index
to the IL-6 serum levels in our patients with 1st-time
myxomas: the greater the tumor-size index, the high-
er the IL-6 serum level and the more intense the con-
stitutional symptoms. The threshold of tumor-size
index for the development of asymptomatic immuno-
logic abnormalities appeared to be 19 cm3, and the
threshold for constitutional symptoms appeared to be
143 cm3.

IL-6 Serum Levels, Immunologic Abnormalities, and
Constitutional Symptoms in Relation to Tumor Recur-
rence. Two patients presented with tumors that had
recurred within a 27-month mean postoperative per-
iod after excision of previous cardiac myxomas (Table
III). Patient 3 presented with a recurrent tumor at-

Texas Heart Institute Journal

TABLE Il. Primary Cardiac Myxomas: Interleukin-6
Serum Levels Preoperatively and Postoperatively
among the 7 Operative Survivors

Interleukin-6 (pg/mL)

Patient No.  Preoperatively 1 Month 6 Months
1 40.0 64 2.2
2 46.2 50 2.1
3 39.0 6.0 1.8
4 5.6 1.1 1.2
5 6.1 30 2.9
6 5.3 47 4.2
7 9.3 42 3.9

tached to the left atrial posterior wall. Patient 8
showed 2 tumors located in the left atrium, 1 arising
from the interatrial septum and the other from the
posterior wall of the left atrium. All tumors showed
pathologic features consistent with those of a benign
cardiac myxoma. Both patients had strongly in-
creased IL-6 serum levels, together with an ample
array of immunologic abnormalities and constitu-
tional symptoms. Patient 8 had undergone his 1st
surgery at another center, so we lack the pertinent
laboratory information concerning his Ist tumor.
This patient displayed the highest IL-6 serum level
(102 pg/mL) found in our study group, accompanied
by marked immunologic and constitutional manifes-

TABLE lll. Interleukin-6 Serum Levels in Patients with
Recurrent (2nd Primary) Tumors

Patients

Clinical features

Age (years) at primary tumor, sex  15F
Constitutional symptoms - +
Obstruction of blood flow - -

Immunologic markers
ESR (mm/hr) 90 77

C-reactive protein (mg/dL) 12.7 13
Gamma globulin (%) 25.2 26
Immunoglobulin (mg/dL) 1970 (IgG) 2211 (IgG)
Rheumatoid factor + +
Antinuclear antibodies - NM
Other data

Interleukin-6 (pg/mL) 77 102
Site of 1st myxoma RA LA
Time of recurrence (years) 3 15
Site of recurrent tumor LA LA

36x31x38  42x40x36 (IAS)
21x18x17 (PW)
66**

Size of recurrent tumor (mm)

Tumor size index 42

ESR = erythrocyte sedimentation rate; F = female; IAS = inter-
atrial septum; LA = left atrium; M = male; NM = not measured;
PW = posterior wall; RA = right atrium

*This patient died at time of surgery.
**This is the sum of both tumor-size indices.
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tations. Patient 3 showed a similar clinical and sero-
logic pattern; however, her recurrent features were
markedly more prominent than those associated with
her 1st tumor. Patient 8 presented with a total tumor
size of 66 cm3 (the sum of both tumor-size indices);
patient 3 had only a single tumor with a size index
of 42 cm3. When comparing the indices of patients
in this small recurrent-tumor cohort with those ob-
served in the nonrecurrent-tumor cohort, we could
not demonstrate the previously observed positive cor-
relation between IL-6 serum levels and tumor size.

Discussion

Shortly after Hirano’s group’ demonstrated that car-
diac myxomas produce IL-6, subsequent studies
showed that the overproduction of this cytokine is
responsible for the constitutional symptoms and im-
munologic features observed in myxoma patients.*”
Interleukin-6 is a pleiotropic cytokine with 4 proper-
ties that are relevant herein. It is a potent B cell dif-
ferentiation factor, which induces the synthesis of
polyclonal immunoglobulins; it is a strong hepato-
cyte-stimulating factor, which induces the release of
acute-phase proteins; it is a potent cell-proliferative
factor; and finally, it is an inducer of ICAM 1, a fac-
tor implicated in the mechanism of cellular adhe-
Sion.lz,lﬁ—lx

This study corroborates previous observations that
constitutional symptoms and immunologic abnor-
malities of cardiac myxomas are due to the produc-
tion of IL-6. This is supported by the postoperative
regression of clinical and immunologic features that
accompanies normalization of IL-6 serum levels. In-
terestingly, all cardiac myxomas were associated with
elevated IL-6 levels, independently of the presence of
immunologic features and constitutional symptoms.
According to our results, it seems that immunologic
abnormalities and constitutional symptoms appear
only after IL-6 serum levels exceed a certain thresh-
old, as suggested by Soeparwata and colleagues.'* In
addition, our results support the observation that the
size of the tumor directly correlates with the amount
of circulating IL-6, the development of constitution-
al symptoms, and immunologic abnormalities.” Of
considerable interest is the fact that IL-6 cannot only
stimulate B cell proliferation and differentiation but
can promote the growth of plasmocytomas, myelo-
mas, T'and B cell lymphomas, and Kaposi’s sarcoma,
sometimes in an autocrine manner."”?" Although it
has not been shown that cardiac myxomas can en-
large by IL-6 autocrine stimulation, this is a possibil-
ity that merits further study.

Our limited data suggest that recurrent cardiac
myxomas may have a different biological behavior, as
evidenced by the fact that these tumors appear to pro-
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duce higher IL-6 serum levels without regard to the
size of the tumor. This could indicate a more aggres-
sive pattern, despite histologic proof that the tumor is
benign.

The mechanism responsible for tumor recurrence
remains unclear. The debate is focused upon intracar-
diac seeding via detached tumor fragments carried by
the bloodstream, local recurrence due to inadequate
resection or malignant transformation, and the pres-
ence of multifocal disease. Although a recent report”
suggests that multifocal disease is the most likely ex-
planation for the recurrence of cardiac myxomas, the
possibility of a progressive change in the biologic na-
ture of the tumor cannot be excluded, especially in
cases of local recurrence. At least 1 of our 2 patients
with tumor recurrence showed very high levels of IL-
6 at the time that her 1st tumor was diagnosed and
displayed local recurrence despite an appropriate sur-
gical resection. This, together with the evidence that
IL-6 mediates the induction of ICAM 1, raises the
possibility that a cardiac myxoma that produces high
levels of this cytokine might have a higher rate of
recurrence. In cases of multifocal recurrence, IL-6
might also play a role, in which it induces the activa-
tion and proliferation of secondary foci. The answer
to such questions may be obtained through further
studies.

Conclusion

Our findings confirm that the overproduction of IL-
6 by cardiac myxomas is responsible for the immuno-
logic abnormalities and constitutional symptoms seen
in patients with such tumors, corroborates the signift
cant correlation between IL-6 serum levels and pri-
mary tumor size, and suggests that IL-6 might play an
important role in recurrence and might therefore have
clinical use as a tumoral marker and recurrence in-
dicator. Finally, it is interesting to speculate on the
possibility that recurrent tumors are a subgroup of
cardiac myxomas with a highly intrinsic aggressive-
ness as reflected by their greater IL-6 production in
relation to their comparatively smaller size.
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